because the number needed to screen (NNS) to detect an AA among men aged 40 to 49 years was similar to that of women aged 50 to 59 years. A study by Brenner et al 6 revealed that the same incidence of CRC and CRC mortality occurred in women 4 to 8 years later than in men, but the patients included in this study were 55 years or older. Nevertheless, a modification of the screening recommendations because of sex has not been implemented because the optimal age for screening has remained insufficiently explored.
In 2007, a national project entitled Quality Management for Colon Cancer Prevention was initiated to define and control standards for quality and documentation of screening colonoscopies in Austria. The objective of our study was to investigate the most appropriate age for initial screening colonoscopy for both male and female patient groups to achieve a higher detection rate of adenoma, AA, and CRC, which could result in a lower CRC mortality rate.
METHODS

Colonoscopy as a screening method was established in Austria in 2005.
Because of the lack of standardized guidelines for the quality of screening colonoscopy within Austria (with different quality standards and reimbursement policies for colonoscopies in each of the 9 federal states), the Austrian Society of Gastroenterology and Hepatology (OEGGH), together with the Austrian Federation of the Statutory Insurance Institutions and the Austrian Cancer Aid, launched a large national project called the Certificate of Quality for Screening Colonoscopy in 2007.
Experienced endoscopists in practices and hospitals (ie, boardcertified specialists for internal medicine or surgery) can apply for this certificate if they conform to the quality standards of the OEGGH, including guidelines about information and consultation, premedication, video colonoscopy, cecal intubation rates (Ͼ85%), documentation, physician qualification (eg, polypectomy skills), emergency equipment and experience, endoscope reprocessing, and microbiological controls. Qualified physicians must have conducted at least 200 colonoscopies and 50 polypectomies under supervision and independently performed 100 colonoscopies and at least 10 polypectomies per year.
Study Procedure
Two hundred twenty-five endoscopic units (44.8% of Austrian colonoscopists, 9 142 private practices, 81 endoscopic units in hospitals, and 2 outpatient clinics) applied for the OEGGH quality certificate and participated in our study.
Data were provided from 44 350 screening colonoscopies (representing 1.68% of overall Austrian population aged 50-79 years) performed between November 2007 and December 2010. Patients were referred for screening by physicians and not directly solicited. Patients were eligible if they were aged 50 to 100 years. We also received data from younger individuals (aged 30-49 years) if the colonoscopy had "screening characteristics": ie, asymptomatic patients who were screened because of a positive family history or patients who reported fear of colon cancer. Separate written informed consent was obtained from each patient for the colonoscopy and for providing data to the OEGGH. The study was approved by the Austrian data protection committee.
The participating centers and physicians were advised to provide data only from screening colonoscopies. Each participating physician was required to store data from the colonoscopy and histopathological analysis and video or photographic documentation in case of data monitoring by the OEGGH. The original colonoscopy documentation, including the indication screening and photographic documentation, was inspected annually from 3 random samples in each participating center or physician.
All data, including colonoscopy results and histopathological analyses, were recorded and transferred to the study database using an electronically signed web form along with the patient medical records. All histopathological analyses were performed by board-certified pathologists trained in gastrointestinal pathology.
Histological findings were categorized according to the most advanced lesion identified. Adenomas were considered advanced if they had highgrade dysplasia, villous or tubulovillous histologic characteristics, or any combination thereof or if they were tubular adenomas at least 10 mm in diameter.
Statistical Analysis
Patient characteristics are described with median values and interquartile ranges (IQRs) for nonnormally distributed variables and with frequencies and percentages for categorical variables. We used Mann-Whitney U tests, 2 tests, or Fisher exact tests to compare these characteristics between men and women. For ease of interpretation, we defined age groups by 5-year periods starting at age 30 years. However, because of screening colonoscopy referral guidelines, few patients were younger than 50 years. 95% CIs are given to estimate the uncertainty due to small numbers of patients. When the same analysis was repeated for different age groups, a step-down Bonferroni correction for multiple testing was applied, for which we report adjusted P values.
Prevalence, NNS, odds ratios (ORs), and corresponding 95% CIs for men and women were computed. For prevalence and NNS, exact CIs were used. We used logistic regression to model the association of detection of adenoma, AA, or CRC. Our primary interest was potential differences between men and women with respect to age. Therefore, we included sex and continuous age in the regression model. For all 3 models, we tested for an interaction between age and sex. No significant interaction was found between age and sex (adenoma P = .98, AA P = .38, and CRC P = .36 Table 1) . Cardiopulmonary events were twice as common in women (PϽ .001) because of higher sedation rates in women compared with men. Bleeding occurred more frequently in men (P Ͻ .001). Cardiopulmonary complications increased with age-from 0.05% in 50-to 60-year-old patients to 0.25% in 70-to 80-year-old patients (P Ͻ .001)-whereas bleeding complications remained unchanged (P =.23).
Screening Results
Findings included polyps in 34.4% (n = 15 267), colon cancer in 0.4% (n=162), rectal cancer in 0.2% (n=92), and other issues in 3.6% (n=1600). In 61.4% (n = 27 212) of the colonoscopies, no abnormalities were found. The percentage of each macroscopic finding was higher in men than women. In colonoscopies in which polyps were de- 
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tected, polyps were detected only in the proximal colon in 20.5% (n=3163), in the sigmoid colon or rectum in 55% (n=8510), and in the distal and proximal colon in 24.5% (n = 3792). Polypectomy was performed for 12 215 individuals (94.6%) during the screening colonoscopy. It was performed with a forceps in 70.3%, with a snare in 15.5%, and with both in 8.8%. The numbers, sizes, and shapes of the polyps differed between male and female patients (Table 1) .
Histological Findings
The histological analysis revealed 16.3% of patients (n = 7231) had hyperplastic polyps, 19.7% (n=8743) had adenomas, 0.5% (n = 217) had high-grade intraepithelial neoplasia, 1.1% (95% CI, 1.0%-1.2%; n = 491) had carcinoma, and 2% (n=889) had other abnormalities. Hyperplastic polyps were found in 18.3% (n=3990) of male and 14.3% (n = 3241) of female patients (P Ͻ .001), adenomas in 24.9% (n = 5407) of male and 14.8% ( n = 3 3 3 6 ) o f f e m a l e p a t i e n t s (P Ͻ .001), high-grade intraepithelial neoplasia in 0.7% (n = 147) of male and 0.3% (n = 70) of female patients (P Ͻ .001), and carcinoma in 1.5% (n=326) of male vs 0.7% (n=165) of female patients (PϽ.001). Of the 19.7% (95% CI, 19.3%-20.1%; n = 8743) adenomas found, 6.27% (95% CI, 6.1%-6.5%; n = 2781) were classified as advanced (AAs); 70.5% (n=1960) of these had tubulovillous characteristics, 19.6% (n=546) had tubular characteristics and a size greater than 1 cm, 7.8% (n = 217) had high-grade dysplasia, and 2.1% (n=58) had villous histological characteristics. There were no differences by sex in histological findings for AA (P=.37).
Prevalence and NNS for Adenoma
The prevalence of adenomas was 24.9% (95% CI, 24.3%-25.4%) for men and 14.8% (14.3%-15.2%) for women (PϽ .001) (TABLE 2). Comparing the prevalence between men and women, the unadjusted OR was 1.9 (95% CI, 1.8-2.0; PϽ.001). The prevalence of adenomas among 50-to 54-year-old men was 18.5% (95% CI, 17.5%-19.6%), which was greater than the prevalence among women in the same age group (10.7% [95% CI, 9.9%-11.6%]; adjusted P=.001) but similar to the preva- 
Prevalence and NNS for CRC
Men had a 2-fold higher risk of CRC (unadjusted OR, 2.1; 95% CI, 1.7-2.5; P Ͻ.001). The prevalence of CRC was twice as high among men compared with women (1.5% [95% CI, 1.3%-1.7%] vs 0.7% [95% CI, 0.6%-0.9%]; P Ͻ .001). A prevalence of 1.2% (95% CI, 0.9%-1.6%) among 65-to 69-yearold women was similar to that in 55-to 59-year-old men (1.3% [95% CI, 1.0%-1.7%]). An increase in the prevalence of CRC was detected in women aged 65 to 69 years and in men who were 10 years younger (ie, aged 55-59 years).
Mean NNS for CRC were 90.9 (95% CI, 83.3-100.0) colonoscopies for all individuals, 66.7 (95% CI, 60-74.6) colonoscopies for men, and 137.0 (95% CI, 117.7-160.4) for women (PϽ.001). Accordingly, 55-to 59-year-old men had similar NNS for CRC to that for women who were 10 years older (65-69 years): 75.0 (95% CI, 58.0-98.9) vs 81.8 (95% CI, 62.0-110.4), respectively.
COMMENT
In our study, analysis of age-and sexspecific prevalence of adenomas, AAs, and CRC indicates a significantly higher rate of these lesions among men compared with women in all age groups, suggesting that male sex constitutes an independent risk factor for colorectal carcinoma 5, 6, [10] [11] [12] [13] [14] [15] [16] and indicating new sexspecific age recommendations for screening colonoscopy.
An increase in the prevalence of adenomas was seen among women aged 60 to 64 years (from 13.2% among those aged 55-59 years to 16.5% in those aged 60-64 years). A similar increase from 12.2% to 16.9% was observed among men 15 years younger, ie, 45-to 49-year-old men, comparable with results from a study by Rundle et al. 7 Accordingly, an increase in the prevalence of AAs among women occurred at ages 55 to 59 years (from 2.9% to 3.9%), whereas a similar prevalence of AA was observed among men aged 45 to 49 years (3.8%), ie, 10 years younger, consistent with other studies. 5, 6, 15 Consequently, a difference between men and women was also observed in the increased prevalence of CRC that occurred 10 years later than the increase in AAs: from 0.7% to 1.2% among women aged 65 to 69 years and a comparable increase from 0.8% to 1.3% among men aged 55 to 59 years. In adenoma detection, comparable prevalence rates were found in men aged 45 years and women who are 10 years older. The same was true for the detection of AA. In detection of CRC, 55-year-old men had comparable prevalence with 65-year-old women.
The time span from the appearance of the first abnormality to a possible malignant lesion is approximately 10 years. 17 Brenner et al 8 showed that the risk of transition from AAs to CRC was comparable among women and men but increased with age. The increased number of CRCs diagnosed at age 50 to 59 years may reflect a transition from adenomas that were present in individuals in their 40s. 7 Regula et al 5 suggested that a practical approach might be to recommend Error bars indicate 95% CIs. 95% CIs for data for patients younger than 45 years are truncated at a number needed to screen of 120. For complete 95% CI data, refer to Table 2 .
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screening only in groups with NNS below a certain threshold. The NNS for adenoma, AAs, and CRC in our study were 5.4 (95% CI, 5. The ages at which women reached a similar NNS to 50-to 54-year-old men were 60 to 64 years for both adenomas and AAs and 65 to 69 years for CRC. A comparable difference of 10 years in the NNS between the age groups of male and female participants has also been observed in other studies. Nguyen et al 10 compared the NNS of 3 studies for AA, which were 21, 17, and 10 for men aged 50 to 54 years compared with 66, 28, and 50 for women of the same age. The ages at which women reached a similar NNS to 50-to 54-year-old men in these 3 studies were 60 to 64 years, 60 to 66 years, and 65 to 75 years, respectively. Our data are consistent with those reported by the studies mentioned. 5, 7, 8, 10 Most national guidelines recommend that screening programs for CRC start by age 50 years for both men and women of average risk, because the risk of CRC increases in the sixth decade of life. 4, 7, 18 This assumption does not seem valid for both sexes because it has been observed that sex differences in the epidemiology of CRC have increased during the last few decades. 6 There is considerable evidence that CRC incidence and mortality are higher in men than in women, and an age difference of approximately 4 to 8 years is when levels of risk are comparable. 6, 7, 10, 18 The choice to start screening in Austria at age 50 years is based on the increase of CRC prevalence at 60 years. In data from Statistics Austria, 19 CRC incidence and mortality are twice as high in men than in women. Therefore, our data may be useful for deferring age-specific screening recommendations. It may be important to start CRC screening in men earlier than age 50 years to avoid higher prevalence in men.
Nevertheless, deciding whether to adjust the age at which screening begins also requires considering whether the recommended age for women should be older or the recommended age for men younger. Sung et al 18 suggested in the Asia Pacific consensus recommendations for colorectal cancer screening that women may start screening at later ages because of relatively low incidence of CRC at ages 50 to 55 years. Brenner et al 6 suggested that the optimal age for screening initiation be 5 years older for women than for men but recommended keeping open both options, decreasing or increasing the age. Regula et al 5 suggested recommending screening only in groups with NNS that are below a certain threshold, such as men aged 40 to 49 years with family history and women aged 50 to 59 years without family history, or men aged 50 years and women aged 60 years, since these groups had similar NNS. Furthermore, an unresolved challenge is determining the ideal NNS to find an AA in a screening population. For AA, we propose an NNS of 26 for both men and woman, which is not very high.
Further, a recent study by Atkin et al 20 showed that flexible sigmoidoscopy is a safe and practical test that, when offered only once between ages 55 and 64 years, results in substantial and lasting benefit. In our study, 55% of polyps were found in the sigmoid colon or rectum and 45% proximal to the sigmoid colon or in both parts of colon. Approximately 50% of polyps would not be detected if only sigmoidoscopy were used for screening purposes. Therefore, our data support the importance of complete colonoscopy to cecum as a screening tool to find and remove all adenomas and AAs.
Strengths of the current study include a large number of participants as well as an equal proportion of men and women in contrast to other studies where women outnumbered men 5, 11 or vice versa. 7, 12, 13, 16 Furthermore, screening in Austria begins at the age of 50 years, and we have a substantial proportion of data from younger patients, permitting an analysis of the differential risk for CRC as well as for adenomas and AAs, which seem to be the most appropriate target in CRC screening. A further strength is that all colonoscopies were performed according to a general quality guideline, thus providing comparable data about adenomas, AAs, and CRC.
However, several limitations have to be acknowledged. First, our study included only age and sex but no other confounding factors, such as family history, obesity, or smoking status. Nevertheless, Brenner at al 6 suggested that appropriate differentiation of age at initiation of CRC screening by sex might be similarly or more relevant from a public health point of view than the widely practiced differentiation by family history. A recent study by Hoffmeister et al 21 corroborated this assumption showing that male sex and smoking have a larger effect on prevalence of colorectal neoplasia than family history, suggesting an extensive evaluation of additional risk stratification in population-based screening, particularly by sex. Second, only a small number of patients (n=1630, or 3.7%) in our study were younger than 50 years, which may bias our results on NNS and AA in men aged 45 to 49 years. On the other hand, these results are further supported by the increase in prevalence of CRC in men aged 55 to 59 years and women aged 65 to 69 years. According to the adenoma carcinoma sequence, an increase in prevalence of CRC occurs 10 years later than the increase in prevalence of adenoma and AA, ie, at ages 55 to 59 years for men and 65 to 69 years for women. We therefore suggest there was no significant bias for individuals younger than 50 years. Third, data were provided from participants of a nationwide screening colonoscopy quality program that was restricted to asymptomatic patients because of strict reimbursement policies. We cannot ex-clude with confidence that a small number of patients may have been symptomatic in such a screening setting (underreporting symptoms), but we do not think that this may have skewed our data.
The American College of Gastroenterology recommends that screening in African American individuals begin at age 45 years because of an increased incidence of CRC, development at younger age, and consecutively higher mortality in comparison with white individuals. 22 Accordingly, the detection rates of polyps larger than 9 mm were 24% higher in African American individuals compared with white individuals (7.7% vs 6.2%). 23 In our study, the detection rate of AA was 71% higher in men compared with women (7.96% vs 4.65%). Therefore, new screening recommendations concerning age should be reconsidered. Further prospective studies are needed to demonstrate the relative clinical effectiveness of screening at different ages.
